The objective of the study was to examine the characteristics of the resistance profiles of Escherichia coli isolated from healthy pigs from three farms in Western Poland. The sensitivity to 13 antimicrobial agents was tested by a disk diffusion method, and the presence of 13 resistance genes was determined by PCR. The majority of the isolates were multi-resistant. The most common multi-resistance patterns were streptomycin, trimethoprim, sulfisoxazole, ampicillin, tetracycline. Although some resistance genes, such as strA/strB, bla TEM , sul1, sul2, and tetA, were equally represented in isolates from each farm, differences in the distribution of tetB and tetC, hfrV, dhfrXII, and sul1 resistance genes were observed among the isolates from different farms. Approximately one-third (35.9%) of the isolates possessed a class 1 integron. The four major different variable regions of the class 1 integron contained streptomycin (aadA1, aadA2, and aadA5) and/or trimethoprim (dhfrI, dhfrV and dhfrXVII), and/or sulphonamides (sul1) resistance genes. The results of this study emphasise that uncontrolled use of antibiotics causes the development of resistance and provides the evidence of frequent occurrence of more than one gene encoding the resistance to the same antimicrobial agent in the multi-resistant strains.
Introduction
Monitoring of the intestinal flora in food animals is important due to the potential possibility of transferring antibiotic resistant strains into humans, via the food chain and the environment. The use of antibiotics in animals' breeding and the volume of meat production make the commensal flora in animals' intestinal tract to constitute an essential reservoir of resistance genes (4) . The transfer of resistance determinants on mobile genetic elements such as plasmids, transposons, and gene cassettes in integrons is an important factor that has an impact on developing the multi-drug resistance in bacteria (11) . The mechanisms of resistance acquisition may essentially differ depending on the place of origin of the isolates (16, 22) .
Escherichia coli (E. coli) is the indicator of species because it is a constant element of the intestinal flora in humans and animals. Additionally, as a genetically diverse species, the flora includes, apart from the prevailing number of harmless commensals, pathogenic strains causing intestinal and general diseases in humans and animals (10) . Pathogenic and commensal strains of E. coli have different rates of resistance to antibiotics and can carry different resistance genes (11, 15) . Therefore, describing the antimicrobial resistance genes in commensal E. coli isolates documents the diversity of genes that could be transferred to dissemination to other bacteria (6, 10) .
The quantitative differences in the prevalence of resistant E. coli strains are described in different geographical regions. This may be a consequence of the different country-specific regulations regarding the use of antimicrobials. According to the data published by the Food Safety Authority and European Centre for Disease Prevention and Control, the lowest proportion of resistant E. coli in food producing animals was reported in the Northern European countries (7) . Different levels of resistant E. coli are observed in different species of farm animals (cattle, pigs, poultry). In cattle, the prevalence of resistant E. coli is much lower than in pigs and poultry (6, 7) . Such differences may be due to different conditions in different types of farming, because pigs and poultry are much more intensively housed and treated against bacterial infections than cattle.
The objective of the research was to characterise the phenotypic and genotypic antimicrobial resistance profiles to commensal E. coli isolates from healthy pigs from three farms in Western Poland.
Material and Methods

Isolation and identification of E. coli isolates.
The study included 340 healthy sows, planned for further breeding, 5-7 months old, bred in three farms in Western Poland. According to veterinary reports, the examined animals were given in feed the medical premix containing trimethoprim/sulfamethoxazole (Feedmix TS), amoxicillin (medical premix Zoobiotic 5% Globulit), and colistin (Colistin Kern 4% Premix). According to the data obtained from the farms, the examined animals were healthy and have never been treated with tetracycline and aminoglycosides. Farms differed in the number of the animals and the level of consumption of antibiotics. In farm I with high level of antimicrobial consumption (2500 pigs), samples were collected from 110 pigs. In farms II and III (200 pigs each), with medium and low level of antimicrobial consumption, the samples were collected from 110 and 130 pigs respectively. The samples were collected once in each farm. Total of 340 faecal samples were obtained. Fresh samples were plated on m-FC agar with rosolic acid (Merck). After 24 h of incubation at 44 C, a single colony of a typical morphology was picked from each plate and cultured on MacConkey agar plates (Difco). Lactose-positive colonies were identified as E. coli based on biochemical characteristics (oxidase test, indole and hydrogen sulphide production, methyl red and Voges-Proskauer test, citrate utilisation, and carbohydrate fermentation) as described by Ewing (8) .
Isolates from pigs deriving from the same farm were screened for confirmation of their genomic diversity by BOX-PCR fingerprinting method (1) . All E. coli isolates were stored in glycerol broth at -80 C. For subsequent analysis, the isolates were cultured in Luria-Bertani (LB) media. Total of 337 E. coli isolates were identified.
DNA extraction. A single bacterial colony of a fresh culture was picked and suspended in 200 µL of sterile water, heated to 99 C for 10 min, then cooled and centrifuged. The obtained supernatant was used as DNA template for various PCR reaction.
Antimicrobial susceptibility testing. Antimicrobial susceptibility tests were performed using a disk diffusion method according to the CLSI standards on Mueller-Hinton agar (Merck). The 12 antibiotic disks (Becton Dickinson Laboratories) contained: ampicillin (10 µg), cephalothin (30 µg), ceftiofur (30 µg), tetracycline (30 µg), trimethoprim (5 µg), sulfisoxazole (250 µg), chloramphenicol (30 µg), ciprofloxacin (5 µg), nalidixic acid (30 µg), gentamicin (10 µg), neomycin (30 µg), and streptomycin (10 µg). The susceptibility breakpoints for all antimicrobials were recommended by CLSI (7) . E. coli ATCC 25922 was used as the reference strain.
Determination of antibiotic resistance genes. PCR assays for detection of the major resistance genes for β-lactams (bla TEM , bla SHV , bla CMY-2 ), and genes for sulfonamides (sul1, sul2, and sul3) were performed as described by Kozak et al. (12) , for the trimethoprim genes (dhfrV, dhfrXII) as described by Maynard et al. (15) , for the streptomycin (strA/strB) as described by Sunde and Sørum (20) , for tetracycline (tetA, tetB, tetC, tetD, tetM) as described by Ng et al.(18) , and for the class I integrase genes (int1) as described by Sa'enz et al. (19) (Table 1) .
DNA sequencing and nucleotide accession numbers. PCR products of antibiotic resistance genes were purified using PCR Isolate Kit (Bioline) and sequenced (Genomed, Poland). The nucleotide sequences of studied genes were compared with target sequences in NCBI GenBank using NCBI GeneBlast program(http://blast.ncbi.nlm.-nih.gov/Blast.cgi).
The accession numbers of the various gene sequences submitted to NCBI GenBank were as follows:
, strA/strB (EF090911.1), and intI (JN003419).
Statistical methods.
Comparison of prevalence of phenotypic resistance and resistance genes among the isolates from different groups of pigs were performed using the chi-square exact test. Statistical significance was set at a P value of <0.05. The association between genes was determined to be positive when two genes were found at the same time, negative otherwise.
Results
The whole set of 337 isolated E. coli consisted of 110 isolates obtained from pigs of farm I, 107 from farm II, and 120 from farm III. In all isolates, resistance to streptomycin (66.8%), sulfisoxazole (63.8%), trimethoprim (61.4%), ampicillin (56.1%), tetracycline (51.0%), cephalothin (45.1%), and chloramphenicol (32.6%) was most frequently observed ( Table 2) . A low frequency of resistance was registered for gentamicin (10.7%), nalidixic acid (6.5%), ciprofloxacin (5.9%), ceftiofur (4.5%), and neomycin (3.6%).
Phenotypic resistance demonstrated diversity among isolates from different farms. The resistance to streptomycin in farm I (high antimicrobial consumption) was 59.1%, in farm II (medium antimicrobial consumption) it was 67%, and in farm III (low antimicrobial consumption) it was 73.3%, whereas the resistance to trimethoprim was 65.5% and 63.6% for farms I and II respectively, and for farm III -55.8%. All isolates from farm II (medium drugs consumption) demonstrated resistance to ampicillin (P < 0.001) and neomycin (P = 0.009), which was higher than that observed for isolates from farms I (high drugs consumption) and III (low drugs consumption), whereas resistance to tetracycline was the lowest but not statistically significant. Isolates from farm III were sensitive to ceftiofur and demonstrated lower resistance to cephalothin (P = 0.018), ciprofloxacin (not statistically significant), nalidixic acid (P = 0.007), and gentamicin (P < 0.001) in comparison to the isolates from farms I and II. The prevalence of resistance to chloramphenicol was comparable in isolates from each of the farms. Among all E. coli isolates, 31 (9.2%) were susceptible to each of the tested antibiotics (11 from farm I, 12 from farm II, and eight from farm III), and 26 (7.7%) of the isolates were found to express resistance to only one antibiotic (Table 3) . Multiple resistance, i.e. resistance to ≥ three antimicrobial classes, widely prevailed in all isolates, which is demonstrated in Table 3 in the form of the numbers of isolates with resistance patterns comprising four-five and six-ten antimicrobials. The most common multi-resistance patterns were streptomycin-sulfisoxazole-trimethoprimampicillintetracycline.
In 167 out of 189 isolates phenotypically resistant to ampicillin, the bla TEM gene was found. No isolates were found to contain bla SHV or bla CMY-2 genes (Table 4) . Out of the five tetracycline resistance genes tested, only tetA, tetB, and tetC were found among the isolates. In each of the 172 isolates phenotypically resistant to tetracycline, a gene responsible for the resistance was found. The tetA gene was found in 94 isolates, tetB in 31, and tetC in 24. Moreover, in 12 isolates, a combination of tetA+tetB was found, and in 11 -a combination of tetA+tetC. Among isolates from farm I, the tetA gene was found in 22, the tetC gene -in 21 (which makes 87% of the whole set, without combinations, P < 0.001), in eight -the combination tetA+tetC, and in two -the combination tetA+tetB. Among isolates from farm II -the tetA gene was more frequent (38/50). Among isolates from farm III, apart from numerous isolates carrying the tetA (34/ 62) gene, tetB was frequent (18/62), the combination tetA+tetB was found in seven isolates, and the tetC gene and the combination tetA+tetC were found in few isolates.
Out of 207 isolates phenotypically resistant to trimethoprim, the dhfrV gene was found in 58 isolates, and the dhfrXII gene -in 59 isolates. In relation to the farms, the dhfrV gene was more numerous (26 E. coli) in farm I in comparison to farms II and III (15 and 17 respectively) (P < 0.05), and the dhfrXII gene was equally numerously represented among isolates from farms I and II (23 and 33) and relatively insignificantly in farm III (3 isolates, P < 0.001).
Phenotypic resistance to sulfisoxazole was connected with two genes: sul1 and sul2. The sul2 gene was found more frequently (110 isolates) than the sul1 gene (36 isolates), and the combination sul1+sul2 was detected in 14 isolates (P < 0.001). Out of 225 isolates phenotypically resistant to streptomycin, 155 were found to contain the strA/strB gene.
All 337 E. coli were screened for the presence of variable region of class 1 integrones as well as integrase gene intI and their presence was revealed in 121 isolates, 44 of which were obtained from farm I, 36 -from farm II, and 41 -from farm III. A variable fragment was characterised with primers int-F and int-R (13). Out of 121 intI-positive isolates, four different amplicons 0.8 kb, 1.0 kb, 1.7 kb, and 2.0 kb were obtained ( Table  5) . Amplicons of size of 0.8 kb were found in 30 isolates, 1.0 kb-in 62, 1.7 kb-in eight, and 2.0 kb-in 21. Among amplicons of the same size, three representatives were randomly selected, sequenced and blasted using the NCBI GeneBlast in order to determine the content of inserted gene cassettes. The amplicon sequences of the same length contained the same gene cassettes with more than 95% similarity in relation to submitted sequences in the gene bank database. The 0.8 kb amplicon contained the dhfrV gene cassette (GenBank accession no. AJ419169.1), the 1.0 kb fragment contained the aadA1 gene cassette (GenBank accession no. X12870) responsible for resistance to streptomycin, and the 1.7 kb amplicon contained the dhfrXVII and aadA5 genes responsible for resistance to trimethoprim and streptomycin, respectively (GenBank accession no. AF169041.1). The variable fragment (VR) of 2.0 kb contained three (dhfrI, aadA2, sul1) gene cassettes (GenBank accession no. AM040710.1). All the isolates with the identified 0.8 kb amplicon containing dhfrV.g were first identified by PCR. The sequenced variable regions of the strains that amplified 1.0 kb, 1.8 kb, and 2.0 kb variable regions were confirmed by PCR for the presence of streptomycin and trimethoprim resistant genes. Within the full set of 337 isolates, statistically significant positive associations (P < 0.05) were found among individual resistance genes. The associations between components of integron (intI) and gene cassettes (dhfrV andsul1) occurred most frequently. Within the isolates, significant associations were found between strA/strB genes and bla TEM , dhfrV, dhfrXII, sul2 genes. VR*-0.8 kb -dhfrV (AJ419169.1); 1.0 kb -ant(3")Ia/ aadA1 gene cassette (X12870); 1.7 kb -dhfrXVII +aadA5 (AF169041.1); 2.0 kb -dhfrI +aadA2 + sul1 (AM 040710.1)
Discussion
The study provided a useful insight into the level of resistance of E. coli in sows during the production cycle. In many previous studies, it was shown that the use of antibiotics is a risk factor for the selection of multi-resistant E. coli in both humans and animals (7, 10, 11, 17) . The results of the research examining a set of isolates derived from sows in farms with different levels of antibiotics consumption indicate that the vast majority of E. coli strains are multi-resistant and have a similar or the same resistance pattern. The most common multi-resistance patterns were streptomycinsulfisoxazole-trimethoprim-ampicillin-tetracycline. The phenotypic resistance patterns of a similar complexity for E. coli from slaughter pigs have been frequently reported in Poland and other countries (9, 22, 23) . The widespread prevalence of the same multi-resistance patterns was also reported in European surveys, conducted for monitoring of antimicrobial susceptibility in commensal isolates from healthy food producing animals (4, 6, 7).
In our study, irrespective of the described above multi-resistance phenotypes identified among E. coli strains from pigs, some additional phenotypes with the potential to create multidrug resistance were also demonstrated.
Quinolones are important antibiotics for treatment of infections in both humans and animals. In these studies, the resistance to quinolones occurred only among multidrug-resistant isolates. Identified frequency of E. coli resistant to nalidixic acid and ciprofloxacin (6.5% and 5.9% respectively) in sows during the production cycle was slightly higher in comparison to that detected in slaughter pigs in Poland (23) and other European countries (6, 24) . In E. coli, quinolone resistance is mainly caused by point mutations in the gyrase (gyrA and gyrB) and topoisomerase (parC and parE) genes (QRDR) on chromosome, but plasmid-mediated quinolone resistance genes (PMQR) were also described. The PMQR genes confer only low-level resistance and they are co-selected with the use of β-lactam antibiotics (21, 24 .) The β-lactam antibiotics (penicillin and cephalosporin) belong to the most frequently used antimicrobials both in human and veterinary medicine. In this study, high prevalence of isolates resistant to β-lactam antibiotics remained in connection with the manner of antibiotics use in farms, and was significantly higher than that reported in slaughter pigs (23, 24) . In general, high resistance to ampicillin and cephalothin indicated that the use of antibiotics has decreased recently. Strains which are resistant to ampicillin are also resistant to cephalothin (first-generation cephalosporin), since resistance to these antibiotics was determined by the production of the same enzymes -a "broad-spectrum β-lactamases " called TEM-1, TEM-2, and SHV-1 (14) . The widespread occurrence of such co-resistant phenotype significantly compromised the utility of firstgeneration cephalosporin. The resistance level to ceftiofur (third-generation cephalosporin) was higher than that observed by Wasyl et al. (23) in E. coli from slaughter pigs. These differences may result from the age of animals or types of farming (sow, pig) and husbandry. The analyses of the genes conferring with resistance to β-lactam antibiotics revealed only presence of the bla TEM gene, which is correlated with the resistance to ampicillin and/or cephalothin but is not associated with resistance to ceftiofur (14, 17) .
The phenotypic patterns of multi-resistance were represented by association of several important antimicrobial classes. The genes corresponding to the phenotypic resistance to important classes of antibiotics were identified. Resistance to streptomycin in all isolates was common (66.8%) and in the vast majority was associated with the presence of strA/strB genes, which were described as a part of Tn5993 transposon (10, 11) . Some of these strains were intI-positive. The sequences of DNA variable fragments of class 1 integrone (1.0 kb VR and 2.0 kb VR) revealed the presence of additional aadA genes conferring resistance to streptomycin, which are frequently associated with the Tn21 transposon (9, 16, 17) . The observations indicate that in the examined E. coli genetic elements connected with a single feature of phenotypic resistance are diverse. Resistance to trimethoprim connected with the occurrence of dhfrV genes was more frequent among isolates from farms I and III than from farm II. In many of the isolates, the dhfrV gene was positively-associated with a variable fragment of class 1 integrone (VR 0.8 kb). Furthermore, in this group of isolates, apart from the dhfrV gene, other variable fragments of class 1 integrones were found (1.7 kb and 2.0 kb), carrying dhfrXVII and dhfrI conferring resistance to trimethoprim. The gene dhfrXII, not associated with the int1 gene, was found in isolates from farms I and II more frequently in comparison to those from farm III, which proves the occurrence of various mechanisms of the prevalence of resistance to trimethoprim in each of the farms. Similar observations were described by Ho et al. (9) . This observation also suggests that presence of multiple diverse dfr genes in isolates from farms I and II may be connected with higher levels of antimicrobial (trimethoprim) consumption than in farm III. Genes sul1 and sul2 conferring resistance to sulphonamides commonly occurred in E. coli strains from pigs. A positive association between sul1 and integrase gene int1 was common and proves that sul1 is conserved in the structure of class 1 integron (9, 11). Gene sul2, more frequently found in strA/strB gene-positive isolates, may suggest their mutual occurrence (20) . Among genes encoding resistance to tetracycline, tetA genes were more frequently found, but in contrast to Sunde's and Sørum report (20) , there was no association between tetA and intI genes. In isolates derived from farm I, apart from the tetA gene, tetC was also equally frequently found. Its occurrence was rarely described in the literature. It is probably due to its location on a non-conjugative plasmid (3, 4) . At farm III, apart from tetA, the tetB gene was also found numerously. Resistance to ampicillin was correlated with the presence of the bla TEM gene, which is plasmid-mediated and most often found as the one encoding resistance to penicillin in animals (2, 6, 11, 14) . In the examined E. coli set, a high frequency of isolates carrying more than one gene encoding resistance to the same antimicrobial agent was found. It indicates that the diverse and complex contingent of resistance genes' occurrence is distinctly related to the multi-resistance of these isolates. It points to the fact that various mechanisms are connected with the gaining and the prevalence of the determinants of resistance to the examined antibiotics. This study demonstrates that commensal E. coli from pigs reveal common multiresistance and more than one gene encoding resistance to the same antimicrobial agent frequently occurs in multiresistant strains. This is indicated by the fact that the process of resistance acquisition by intestinal bacteria is caused by many factors.
